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SECTION 1 0 

INTRODUCTION 

This addendum to the Exposure Scenarios Technical Memorandum No 2 (TM 2) for the Human 

Health Risk Assessment (HHRA) at Rocky Flats Environmental Technology Site (the Site) 

Operable Unit No 3 (OU 3) supplements the April 1993 draft of TM 2 (DOE, 1993a) Revisions 

have been made based on comments from the Environmental Protection Agency Region Vlll 

(EPA) and the Colorado Department of Public Health and Environment (CDPHE) and new 

information including that from the process of identifying Chemicals of Concern (COCs) (DOE, 

1994a) and Areas of Concern (AOCs) (DOE 1994b) Responses to EPA and CDPHE comments 

on the draft version of TM 2 are included as an attachment to this addendum 

This addendum identtftes potentially complete exposure pathways land uses, and human 

receptors at OU 3 and presents the exposure parameters for eshmabng central tendency (CT) 

and reasonable maximum exposures (RME) This addendum in conjunction with the draft 

Exposure Scenarios Technical Memorandum (April 1993 TM 2) meets the requirements of 

Section VI1 D of the Interagency Agreement (IAG 1991 1 

0311 0/95/1 18pm 

2. 



SECTION 2 0 

CHRONOLOGY OF THE EVALUATlON OF 

EXPOSURE SCENARIOS AT OU 3 
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2 2 OU 3 RFVRl WORK PLAN 

PRlORrPY EXPOSURE PATHWAYS 

The RFI/RI Work Plan for Operable Untt 3 (DOE, 1992) presented conceptual exposure pathway 

models for IHSSs 199 (Soils) 200 (Great Western Resetvoir), 201 (Standley Lake) and 202 
(Mower Resewar) The pnmary purpose of the conceptual models was to tdenbfy potenha1 

exposure pathways by whlch existmg and future populattons may be exposed to contaminants from 

the IHSSs 

The conceptual models presented in the work plan prmde an overwew of the poter~tal exposure 

pathways and a contaminant source and transport characterization for each environmental medium 

Some of these pathways have a hlgher potential for occurrence and may have greater adverse flsk 

impacts than others Exposure pathways induded in the conceptual model were dentdied by 

evaluatmg potentml sources of contaminants and the fate and mobilrty of the contaminant in each 
potenbal source and transport medium 

The pnmary exposure pathway identified in the work plan for IHSS 199, from a human health risk 

standpoint, was inhalabon of sol1 dispersed to air through wnd erosion The secondary pathway 

dentdid for IHSS 199 was direct ingestmn of soil The remaining pathways were beHeved to 

c o n m e  a negltgible risk to human health but were addressed in the work plan to confirm the 

conceptual model 

The pnmary pathway den- in the work plan for IHSSs 200,201, and 202, from a human health 

nsk standpoint, was mhalabon of reservoir/stream sediments dispersed to air through resuspension 
of fugme dust The secondaty pathways for IHSSs 200,201, and 202 were direct ingestion of 

sediments and surface water The remaining pathways were believed to constitute a negrgible risk 

to human health but were addressed in the plan to confirm the conceptual model 

25  EXPOSURE SCENARIOS TM 2 

Data from the RFI/RI sampling program (conducted in 1992) were used to confirm that the potentat 

exposure pathways presented in the work plan could exst and could be complete An exposure 

DEN100171C6 WPS w1(11oy11*oun 
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scenarios technical memorandum, TM 2, (DOE, l-), Ws F~IIHS& OQ a draft in AptllSB eOr 

EPA and CDPHE review The scenarios presented in the cfraft TM2 have been revised based on 
information presented MI Technical Memotandurn No 4 (TM 4) WnMhtbn of Chemicaisof 

Concern (DOE, 1$84a), the COPHE COrrseMItnre Scanrn Lett& Fkport@OE, l-), and €PA 

and CDPHE ummentsm the driift version of TM2 

2.4 LANO USe UPDATE 
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A, B, D and E, and their placement of deed restnctions on these lands for the expressed purpose 

of limiting potential exposure to plutonium (Jefferson County 1985a, Jefferson County, 1985b, 

Jefferson County, 1985c, Jefferson County, 19854) 

Parcel C has been owned by the City of Broomfield since 1964 and, wtth the exceptton of the area 

zoned for PUD is zoned for open space use Parcel C does not have specdic deed restmhons 

because the City of Broomfield 1) is aware of the existence of plutonium contamination, 2) has had 

control of the land since before plutonium issues associated wtth the Stte were known, and 3) has 

historically maintained effectnre control by limiting development in that area 

Constdenng the munctpalttms zoning and deed restnctton a m s  prevtously described R is not 

likely that either the City of Broomfield or Jefferson County will change thmr ownership rights or 

plans for open space use of these lands Such changes would require formal legal actions because 

of zoning requirements and land use restrictions embodied in the deeds The deeds for parcels A, 

6 D, and E (Jefferson County, 1985a, Jefferson County, 1985b, Jefferson County, 1985c, 

Jefferson County, 1985d) reveal that future use of these parcels is officlalty restricted to open space 

applmtions such as recreawnal, and similar uses compatible with the open space planning and 

zoning theme According to the deeds, these land use restrictons 'shall be perpetual and shall run 

wtth the land " In summary, it is apparent that the City of BmmfieM and Jefferson County have 

legal authority and have taken rqxmslble stewardship of the areas wtthin OU generally regarded 

as being affected by plutonium historkally released from the S i  

An addmal cons*bon wtth respect tothe future use ofthe lands ldentffied on Fire 1 isthe 

recent United States Deparbnent of the Interior, Fish and Wildlife Servim (USFWS) Mobghl 

opinion regarding land within parcels D and E (Carlson, 1994) As expmsed in their opmbn, 

USFWS recommends that the p n e  dog habwt on Jefferson County s property (roughly parcels 
D and E) is essential and should be -wed and managed to the fullest extent possibles in 

obsenrance of its role in the ewsysWn relabve to the bald eagle (an endangered species) as well 
as the peregrine falcon (Carlson, 1994) Thus any future land use activities that affect the prahie 
dog population would be incompatible mth the USFWS recommendation to protect the bald eagle 
and pemgrine falcon 

OEN100171C6 WP5 I I  
I 

I 



20 
6 d 6  



EGCLG ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE section 3 0  
Exposure Scenarios Addendum to TM 2 Page 1 O f 5  
for Operable Una 3 

Non-Contrdied Document 

SECTION 3 0 

ASSESSMENTOFEXPOSUREANDRISK 

The assessment of exposure and risk in the HHRA involves a series of data evaluation steps 

Comparison of the OU 3 data to background concentrations (WE, 1994a)-Giiberts 

Statisbcs Todbox/Bad<ground Comparison 

IdenMcatnn of the COCs (EPA COC Selectton Process) and AOCs (CDPHE 

Conservatrve Screen Process) (DOE 1994a, WE, 1994b) 

ldenbficatton of the exposure areas in the AOCs-Exposure Assessment 

Identtficatton of the potentmi exposure scenams for the exposure areas-Expo9ure 

Assessment 

Calculabon exposure point concentrations-Exposure Assessment 

Calculation of risk ~mates-Rtsk Characteruabon 

Steps 1 and 2 are described in TM 4 (WE, 1994a) and the CDPHE Consenrative Screen Ledter 

Report (DOE 1994b) respecttvely and are summanzed below in Secbons 3 1 and 32 of this 

addendum The idenMication of exposure areas, Step 3, is induded in Section 4 of this addendum 

Steps 5 and 6, calculaQon of exposure point concentrattons and nsk estimates, Will be presented in 

the OU 3 HHRA report 

3 1 CHEMICALS OF CONCERN 

For the OU 3 HHFIA, exposures wll be quantitatrvely Bs588s8d for COCs idenMied in TM 4 (DOE 

I-) Surface soil, sediment, surface water, and groundwater sampies were collected during the 

Reid investigation to address the pathways identified in the OU 3 conceptual models COCs were 

DEN1 00171 C7 WP5 \3 09/1o1oM14oun 
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Table 3-1 
OU 3 Chemicals of Concern' 

Surface Surface Subsurface Surface 
IHSS Soil Sediment Sediment Water Groundwater 

199 - 9 u  NA NA NA NA 
Contamination of Soils 241Am 

- I--II __ --I-_ - --I_._--- -- 
200 NA =aPu - - - 
Great Western Reservoir 

201 NA - - - 
Standley Lake 

I - 

202 NA - - 
Mower Reservoir 

- 

Notes 
-'OPU = ~1utonium-239/240 
"Am = Americrum-241 
NA = not applicable (IHSS 199 includes surface soil only IHSSs 200-202 include 

surface water sediment and groundwater only) 

the COC identification process) 
- = No COCs were identified in TM 4(see DOE 1994a for a presentation of 

'1-n of Chemicals of Concam Technical Memofadnuin No 4 for OU 3 (DOE 1994s) 

311Q195748AM 
347 XLS RFETS OU 3 COCs 
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sofi 

ldenwied uslng data from the mv- (DOE, I-) COCsan,chem&dsthrpf, basedon 

concentration and toxic@ contdbm significantly to risks WA, 19BBa) The COCs were seleded 
based on guidance agreed by €PA, CDPHE, and DOE- is bgsed on Rbsk AseesMlent 
G u m  for Superfund (-A, 1989), the i n t e r a m  Apeman# (M, IQBl), and sbspeuk 
gwdance (CDPHUEPA, 1993; DOE, 1993b, CDPHUEPAIOOE, M, Md EF+A, 1984a) 
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sals and =Pu in Great Western Resenroir sediments as COCs (DOE, 1994a) Usng the 

CDPHE protocol no AOCs were denttfied in the remaining IHSSs 
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SECTION 4 0 

u<posuRE SCENARIOS 

Exposure scenar~~s have been refined from TM 2 b8sed on the COCt and the idenbfied AOCs 

for the fdlowtng media 

1 

e IHSS 199, SOilgComarnmfion waslb(sectKlt ,4 1) 
e IHSS 200, Great Western Reservoir surface sedimwlts i u ~ m h g  Great Westem 

Reservoir IS drarned (Smm 4 2) 
T 

The components of the exposure stxmartos includes 

0 Idenbfwn of current land uses and ctranctrnration of future tand use 

~ e n 0 M ) S  (section 2 4) 

0 ldentrfication of poteabl receptors based on current and futufa land use 

scenarios (s8ctions 4 1 md 4 2) 

I 
0 Refirnm4nt of the conceptual site mod& Ths conqxd sitemodel for OU 3 

was first inclarded b~ the Work PIllD (DOE, 19921, then uphod m TM 2, and h u  
been fwthermdhd to reflect the sxpowrepsthwryr 

addendum (Fiure 3) 

bthb 
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The potential land uses and associated exposure pathways have besn identtfied for OU 3 based 

on COCs and AOCs 

Residential Land Use (IHSSs 199 and 200) 

0 

0 Inhahon of parclculates 
0 

0 External m&atton 
0 

lngesdon of surface soil/surfaco sediment 

Dermal contact with SW~M sotl/surhca sedunbnt 

Ingestion of fruits and leafy vegetables 

Reereattonal Land Use (IHSSs 199 and 200) 
0 

0 lnhalatm of particulates 

Ingestion of surface ootl/surfaca sedimt 

0 Dermal contact wrth surfaw soil/surfacl, mdlment 

0 Extemrl ndration 

Gommc#clal/lnduStriaI Land Use (HSSs and 199 and 200) 

0 

0 

0 

a 

The most l i i  land 1s8 for IHSSs 199 and 200 IS mawbod, and thefore this scenario wdl 

be q u o d y  evaluated tn the WRA In addition, the land use amochtd with the moa 

0311019511 a p m  
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conservative estimates of risk (I e residential) will also be quantitatively evaluated in the 

HHRA The commercialfindustrial worker and ecological researcher scenarios will not be 

quantitatively evaluated in the HHRA However it is assumed risks for those two scenarios will 

be less than risks associated with the residential scenario 

4 1 EXPOSURE SCENARIOS FOR IHSS 199 

SOILS CONTAMINATION 

Plutonium-239/240 and '"Am were identified as COCs in IHSS 199 surface soils (DOE 

1994a) 

just east of Indiana Street in or near the Jefferson County Remedy acres (Figure 4) (DOE 

1 994b) These AOCs are comprised of one 10 acre soil plot (PT14192) sampled during the 

1992 RFI/RI investigation and two untilled Jefferson County Remedy acres plots (U1 A and 

U2A the area for each plot is approximately 10 acres) collected in 1991 

Exposure will be assessed at the three areas of concern (AOCsI in IHSS 199 identified 

Currently the AOCs in IHSS 199 are unused fields and the land has not been developed for 

recreational uses Although it is possible a current trespasser may be exposed to the surface 

soil within the AOCs the estimates of risk for future receptors will be much greater than the 

occasional trespasser who visas the area once or infrequently throughout the year EPA 

defines the reasonable maximum exposure as "the highest exposure that IS reasonably 

expected to occur at the srte " (EPA 1989a) In evaluating future land uses for risk 

assessment consideratton was given to whether future activities are likely to be different than 

those currently experienced as well as reasonable potential uses Pertinent information, 

including the municipaltties' planning and zoning designs discussed above in Section 2 4 

coupled with census projections from the Denver Regional Council of Governments (See 

Figures 3-1 and 3 2 in TM 2 [DOE 1993a1) all support the assessment that the lands identified 

in Figure 1 will be used for open space in the future On this basis a recreational land use 

scenario is identified as the most likely future-use RME scenario In addition the residential 

scenario will be evaluated in the HHRA for IHSS 199 The residential scenano is assumed to 

result in the most conservative risk estimates for IHSS 199 The commercial/industnal and 

ecological research scenarios will not be evaluated quantitatively because it is assumed nsks 

from those scenarios will be less than for the residential scenario 

DEN100171C8 WP5 03/10195/1 21pm 
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4 1 1 Future Recreational Exposure Scenario 

Health risks will be evaluated for a hypothetical future receptor participating in recreational 

activities within a 50-acre exposure area (CDPHE/EPA/DOE 1994) in the surface soils areas of 

concern (PT14192, U1A and U2A) Figure 4 shows one possible exposure area for a 

recreational scenario The placement of the exposure areas is arbitrary the aggregation of data 

for the estimating of risks will be presented to EPA and CDPHE pnor to preparation of the 

HHRA The recreational exposure scenario assumes a receptor participates in various 

recreational activities in the OU 3 area (hiking, biking, picnicking, etc ) and is exposed to 

2JonloPu and 24'Am in the surface soils in the AOCs The elements of the recreational exposure 

scenario for surface soil in IHSS 199 are described below and are also summarized in Table 4-1 

The HHRA will quantitatively assess the following exposure pathways for exposure to an adult 

using the exposure area for recreational purposes 

e 

e 

Inadvertent ingestion of surface soil 

Inhalation of airborne soil particulates suspended in air by wind erosion and 

recreational achvities 

0 External radiation exposure 

4 1 2 Future Residential Exposure Scenario 

Health risks will be evaluated for a hypothetical future resident within a 10-acre exposure area 

(CDPHE/EPA/DOE, 1994) in the surface soil AOCs Figure 4 shows one example exposure area 

for the residential scenario The placement of the exposure areas is arbitrary, the aggregation 

of data for the estimating of risks will be presented to EPA and CDPHE pnor to preparation of 

the HHRA The HHRA will quantitatively assess the following exposure pathways for a future 

residential adult 

e 

0 

Inadvertent ingestion of surface soil 

Inhalation of soil pamculates suspended in air by wind erosion 

DENl00171C8 WP5 
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0 External radiation exposure 

Ingestion of home grown produce 

In response to EPA Specrfic Comment No 3 (Section 4) the HHRA will qualitatively address 

dermal contact with surface soils and subsequent absorption of COCs 

A potential exposure pathway not addressed for IHSS 199 or IHSS 200 is the consumptton of 

meat and dairy products from cattle consuming contaminated feed, water or soil This 

pathway is not addressed because it IS not a complete pathway The average milk or beef cow 

requires 30 to 70 acres per year of rangeland to sustain including supplemental feed (30% of 

the diet, more in the winter) (Wyoming Bureau of Land Management, 1994) Using a 1 0-acre 

residential exposure area cattle could not be supported Great Western Reservoir or IHSS 199 

could not support a residential land use and a rangeland for feeding several cows 

The quantitative values of parameters to be assumed for these scenarios and exposure 

pathways are presented in Appendix A attached to this addendum (Tables A-1 through A-4) 

Exposure parameters are presented for estimating central tendency (CT) and reasonable 

maximum exposure (RME) intake for each potentially complete exposure pathway The 

exposure parameters are reasonable estimates of numerous vanables including body weight, 

daily inhalation volume daily ingesbon rates body surface area, soil or food matnx effects and 

the frequency and duration of exposure Exposure point concentrations, determined by 

chemical analytical data and fate and transport modeling (described in the Model Selecaon 

TM 3) will be used with these exposure parameters and equations to obtain pathway-specific 

chemical intakes to estimate risks in the HHRA The aggregation of concentration data from 

samples within the exposure areas will be presented to EPA and CDPHE and for inclusion in the 

HHRA repoit 

4 2 EXPOSURE SCENARIOS FOR IHSS 200 

GREAT WESTERN RESERVOIR SURFACE SEDIMENTS 

ASSUMING THE GREAT WESTERN RESERVOIR IS DRAINED 

DENl00171C8 WPS 
_- 

03/10 



EG&G ROCKY FLATS ENWROUMEbnAL lZC"0LQGY SITE 

for 0por.Mo urut 3 
EXpCt.uf0 sCOMnO8 Adckndum 2 

Non-Controlled Docwrrsnt 

4 0  
1Oof 13 

Currently the resewow, drainages, and ditches in IHSS 200 haw not besndevdoped for 

residenual, indusmal, or recreational uses Although it I possible a curms~ tcsspasser may be 

exposed to the t-ne surface s e d ~ m e n ~  within the HSS 200 AOC, the esbmates of risk for 
future receptors wll be much grerfsr than th. occpslon@ trespasser who uimntly wnts the 

area once or infraquently throughout the year Therefore, the remahing dwussron of the 

exposure scemrios refer to hypothetical future exposures 

By 1997, the City of Btoomfmki m y  shift from usrng the Great Westem Reservoir as rw warn 

source to using Carter Lake and w m  kxmhasd from the Den= Water Board Antictpwiprg 

this amon and the potenttal the r a s e n d c  may be drpined, a rcc#latio for exposwe to u1 

Great Westem Rerervoir surface sedunent was devalepd Gmat Western Reservoir is 

assumed drained for reereattonal, restdentid or commerciaMndustrial uses, thus, exposing the 
surface sediments m the center of the reservoir Watar currently acts as o bamer to human 
contact and in)#bits oxposuro to humans Vis suspended pstth&m -In ah from wind and other 

erosm mechanisms Dramrng the reservoir would remove this barn#, allowing oreater contact 
wth surface ssdlments by pmmd&l recqmfs 

The surface sediment, M IHSS 200 

South Walnut Creek drainage sad@wRs (#rem Indiana S m  into the mmrvdr) An mmfnple of 
the graphlcal repmmtmm of tha expolwsmas for the two scormrb tha wll be 
quanmtwely ewluated in the HHRA ( m W  and recreatw * nd) ~ ~ s b o w a  onFiure 5 Ths 
placement of the example exposure  net wittrin Great Western Reservek on Rgwe 5 b based 
on maxlmurn plutonium concentm&m - a t n k n o w n ~ t h o ~ o f d a m f Q r t h e  
esbmabon of nrks will ~ M B  presomad to EPA MIC) CDPHE -to indumon &the Hk#M 

lhe reservoir swfacs sedimems and the Nmh and 

I 

I 
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0 Inhalation of airborne sediment particulates suspended in air by wind erosion 

and other recreational activities 

0 External radiation exposure 

The exposure parameters for these exposure pathways are presented in Tables A 1 through A-4 

in Appendix A 

In response to EPA Specific Comment No 3 (Section 4) the HHRA will qualitatively address 

dermal contact with surface sediments and subsequent absorption of COCs 

4 2 2 Future Residential Exposure Scenario 

The residential exposure scenario assumes a resident lives in the 1 0-acre residential exposure 

area of IHSS 200 and is exposed to 230'240Pu in the surface sediments within the exposure area 

All 230n40Pu concentration data within the exposure area will be used to calculate an exposure 

point concentration (discussed in Secaon 5 0 below) The HHRA will quantitatively assess the 

following exposure pathways for an adult exposure 

0 Inadvertent ingestion of reservoir and stream surface sediment 

0 Inhalation of airborne sediment particulates in air suspended by wind erosion 

and other activities 

0 External radiation exposure 

0 Ingestion of homegrown produce 

The exposure parameters for these exposure pathways are presented in Tables A-1 through A 4  

in Appendix A 

DEN100171C8 WP5 03/10195/1 21pm 
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In response to EPA spedfic Comment No 3 (Secbon 41, the HHFU will pwhmvely address 

dermal contact wth surface sediments and subsequent aborptm - of COCS 
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SECTION 5 0 

ESTIMATING CHEMICAL INTAKES 

Chemical intakes are not present in this addendum since they are dependent on exposure point 

concentrabons determined from chemical data and from fate and transport modeling, as 

appropnate Using the exposure point concentratmns of the COCs in IHSS 199 soils and IHSS 200 

sediments It is posslble to -mate the potenhat human intake VI each exposure pathway 

described in -on 4 Intake parameters for CT exposure and RME condrbons are presented in 

Appendix A, Tables A-1 through A 4  Intakes are estimated for average CT and RME condmns 

The RME is esttmated by selecttng values for exposure variables so that the combination of all 

vanables results in the maximum exposure that can reasonably be expecbd to occur at the site 

The CT is estimated by selecttng average values for exposure vanables 

Child intakes are not esttmated for any exposure pathway except so11 ingestion Exposure to 
radmnuclide COCs wll be assessed for the amount taken into the body and the amount of external 

mdiatmn 

5 1 INTERNAL EXPOSURE TO RADIONUCLIDES 

Ingeaon or inhalatmn of radlonudtdes and their subsequent deposnion in receptor tissues or 
organs wll result in a radlatm dose to those systems as well as surrounding systems Internal 

exposure to radionuclide COCs Y P u  anda4'Am) wll be assessd m two ways First, using 

conventional 'dose assessment" methods, the commmd effectwe dose equivalent (CEDE) based 

on intake of radionudides via ingeston or inhalation will be calculated and compared to rachtm 

prowon  standards. The CEDE is the summatm mr specified tissues of the praducts of the 

dose equrvalent in a tssue or organ and the welghtng factor for that tssue over a %year period 

(EPA 1989a) The second method, using conventmnal 'nsk Bss858ment. technques, involves 

calculating the intake of each radonuclde and multiplying the intake by a EPA-dertved carcinogenic 

slope factor (EPA, 1989a) Thk caiculation results in an esbrnabion of the risk of c3ncer assodated 

wdh ingesbon or inhalation of a radonudi Both methods described above are discussed in EPA 

guidance (1989a) 

DENlW171CQ WP5 



Intake of radionucidw by inpstb or inhalation isa function of the rad(0nUdide a m ,  rats of 

intake (arthe amount damtamhaw medium conteded per unitthe orevent). and eacposw 

frequency and duration The intake IS an estimate ofthe total brtalceofa radbnudide, expssedin 
u n a  of racbOectAnty (Curies 

C 
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The dose conversion factor (DCF expressed in unrts of millirems [mrem] per pCi) IS used to 

estimate the equnralent dose (in mrem per year) which can then be compared to a radiation 

protectton standard The carcinogenic slope factors for radlonucltdes of concern are rnuhphed by 

the esttmated radionucltde intake in total pCi (either inhaled or ingested) to estimate nsk (€PA 

1 989) 

The calculafed exposure potnt concentrations, C will be presented to EPA and CDPHE prior to 

inclusion in the HHRA report. 

5 2 EXTERNAL IRRADIATION 

External exposure to -Pu and”Am in IHSS 199 soils and Pu-239/240 in IHSS 200 sediments 

wll be assessed in a similar manner as internal radlonudide exposure (I e,  dose assessment and 

nsk assessment) External radiahon exposure is esbmated using the folbwng equation 

ER = C * Id@& * SD * D * (1-Se) * Te * ED 

ER = External radtatton exposure in p C J d  soiUyear 

C - - Actnnty concentratnn of a radlonuclide at the point of exposure (pCJg soil 

or sediment) 

SD = Soil density (kg/rns) 

s e =  Gamma shielding factor (-) 

I 



so 
4of4 

ED = Exposue duratia4l (years) 
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Response to Comments 

Technical Memorandum No 2 

Exposure Scenarios 

Human Health Risk Assessment 

Rocky Flats Emrironmental Technology Site, Operable Unit No 3 

This comment response addresses the comments that EPA and CDPHE expressed in their 
reviews of the draft Exposure Scenarios Technical Memorandum No 2 (rM 2) Operable Unit 

3 (OU 3) (dated April 1993) TM 2 identifies the exposure scenarios for assessment in the OU 3 

Human Health Risk Assessment ("RA) The HHRA will be included in the forthcoming 

Resource Consewation and Recovery Act (RCW) Facility Investigation/ Remedial 

Investigation (RFVRI) Report The attached Addendum to the Exposure Scenarios TM 2 is a 

companion document to these responses and should be referred to for additional detail 

regarding the exposure scenarios 

EPA s and CDPHE s comments are presented in BOLD and are preceded by 'Comment 

U S Department of Energy W E )  responses to comments are preceded by 'Response = The 

comment responses are divided into General and Specllic comment responses for EPA and 

CDPHE 

Responses To EPA Comments 

Comment SecNon 3, €PA General Comment No 1 

The rearonable maximum exposure ( M E )  scenario k a combinullon of three elements 
(1) land use assumption, (2) exposure pathway combinafionr, and (3) exporum pafhway 

equation pameten that are an appropriate mix of vduw that roiled average6 and 

95th percentile valuer. The discwdon of future land use In lechnkal Memorandum 2 

includes a number of dinerent land use scermrioa but It b not cleat If the RME b a 

combination ofscenarior reflecting different development pattoms for dktkrct patcek d 
land or If it k DOE'S Intention to assume one WE scenark acrossthe.ntirosludyana Thk 

must be clarMed The conddemtlon ofthe use of dl envlmmental medla (soil, water, 
sediment, air) on OU 3 should becondstent wllh thedvlktition oftne RME Thbkcrlticd 

because the RME b a bask for the remedial action (or no actlon) decision (see OSWER 

Directive 9355 0-30) 
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Response The Reasonable Mcpdmum Exposure @MQ ScB& collsfsts of a combination of 

land use clssumptions and exposure parameters thut are a mix of tvpicai values and 

upperbound (95th percentile) values and k included in the aftached Addendum to TM 2 A 
Central Tendency (Cr) scenario is also included that uses aver- exposure parameter 

values for the same lond us86 and exposure pathways only to assess the ~ ~ g e  of exposum 

The attached Addendum to the Exposwe Scenarios TM 2 contdns addbnal information 

regarding the RME and CT scenarios Tables A-1 to A 4  of the Addendum contain the RME 
and CT exposwe parameten to be used in the HHRA 



b There is no indication of the Jefferson County Airport on figure 3-5 yet the text doesn’t 

mention that the airport will no longer be there 

c The area south of Church Ditch on the we# side of Standley Lake is shown in 
figure 3-4 as currently developed for residential use Figure 3-5 indicates that future 

use will be for parks and open space This is inconsistent wflh the plans for 

development of Standley Lake by the Standley Lake Task Force 

Response a Although not indicated the land use in Figure 3-5 is classified as a 
commercial/industriaI/residential mix therefore the statement that residences in this area are 

expected to increase is conect This figure Will be revised for the HHRA to include the 

residential mix land use classification 

b The Jefferson County Airport was not shown specifically on Figure 3-5 because the figure 

shows land uses based on county and city zoning projections not SpecMc features of the 

land The land use classification of commercial/lndustrial mbc is used to represent the airport 

c The figures will be revised in the HHRA to be consistent with the planned use for the area 

Comment. Section 3 €PA Specnrc Comment No 2 

P w  16. 17. and 18 of 30. Sectionr 3.1 24.3.1 3.4. md 3.1.4.4 Itisnotedinittum~tions 

that water from Mower Reservoir, Standby Lake, and Great Western Rerervdr b bdng used 

for lrrigalion of crops used for cOme gwlng md horse boarding Alfalla, wheat, baby, 

corn, and oats am a b  being produced In Ihk aretatorcomtfnptlon lfwaterk bdng 

directly drown from there sources and used for inigutlon purpour, contaminants could be 

taken up into plants and hum- could be exposed eiltwlh~rough dlnct Ingostion o f  crops, 

or ingestion of dairy products or meat AHhough It k noted hat the water from fheu sources 
meets federal and state drinking water standards, the InfmaHon b irnlewnt in a dsk 

assessment Because radionuclides and hewy metals an mqwdemd In sediments, 

surface watwurrnpllngs &auld duplicate the conditions ofpo6dbk exposures. Wr will 

likely involve the te#upendon of contaminated sediments. 

Response In response to EPA s concern that surface water sampling should duplicate the 

conditions of possible exposure the OU 3 RFI/RI samplinQ efforts adequately charocterlze 

sediments and surface water All water samples were collected for total and dissolved 

metals The anam of total metals includes the resuspended sediments present In the water 

53 
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column sampleswere from neat shore exposed 8%dpnBnts and core sample 

sedimentsfromthemsetvdrbbttum hc#Mttion,gmbsedlment collected 
from the reservoir bottoms dcause cocs were not iden- in sum water for any of 
the IHSSs (OOE 1994a) the irriqrcltion pathwydoes not Regdtobeolssessedfor~krsEon in 
the HHRA 

i 
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Response Potential land uses and associated exposure mthways have been refined based 

on the COCs (DOE 1994a) identified for OU 3 These land uses/ exposure pathways are 

descnbed in the Addendum to TM 2 and include the followng 

Residential Land Use (IHSSs 199 and 200) 

Ingestion of surface soil/surface sediment 

Inhalation of particulates 

Dermal contact with surface soil/surface sediment 

External r ad i i n  

Ingestion of fruits and leafy vegetables 

Recreational Land Use (IHSSs 199 and 200) 

Ingestion of surface soil/surface sediment 
Inhalation of particulates 
External radiation 
Dermal contact with surface soil/surface sediment 

Ecological Research Land Use (IHSSs 199 and 200) 

Ingestion of surface soil/surface sediment 
Inhalation of particulates 

Dermal contact with surface soil/surface sediment 
External radiation 

Commercid/lndustrial Land Use (IHSss and 199 and 20) 

Ingestion of surface sdl/surface sediment 

Inhalation of particulates 

Dermal contact with surface soil/surface sediment 

External r a d i i  

This list is based on the COCs (DOE 19940) that were Identified for OU 3 Exposure pathways 
were included only for those media with COCs 

The most lkely land use for I H S s  199 and 200 is recreational and therefore this scenarlo wlll 

be quantitatively evaluated In the HHRA In addition the land use associated with the most 

conservative estimates of risk (I e residential) will also be quantitatively evaluated In the 
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Response The agncultural land use scenano was considered However based on the 

identified AOCs (DOE 1994b) and the deed reshctions and zoning in the AOCs an 

agricultural land use scenario is not expected for IHSS 199 A residential exposure scenario 

including ingestion of h i t s  and vegetables has been identified for Great Western Reservoir 

because of the uncertainty assocrated wlth the future use of this reservoir In addition the 

residential scenario including ingestion fnrrts and vegetables will be evaluated for IHS 199 

Comment Secfion 4 €PA Specmc Comment NO 2 

Paae23of3 7. Section 4.4.4 The rotionale presented for not considering lhe exposure of 
office worken quantitatively b unacceptable and b inconvktent with previous Rocky Flats 

human health technical memoranda for OU 1 and OU 2 Furthermore, it conflicts wlth EPA 

guidance in OSWER Directive 9285 6-03, Human Healfh Evaluation Manud Supplemental 

Guidance uStandard Defautt Exposure Factors ” The exposure of future ofke workers to 

contaminants wlthin OU 3 must be quantitatively evaluated 

Response The most likely land use for IHSSs 199 and 200 is recreational and therefore this 

scenario will be quantitatfvely evaluated in the HHRA In addition the land use associated 

with the most conservative estimates of risk (i e residential) will also be quantitatively 

evaluated in the HHRA The commercial/industrlal worker and ecological researcher 

scenarios will not be quantitmely evaluated in the HHRA However It is assumed risks for 

those two scenarios will be less than rlsks associated wlth the residential scenario 

Cmment Section 4 €PA Speck Comment No 3 

Include the following exposure pathways in the quanmathre bc#.lbre rbk assessmenl for 

OU 3 

Ingestion of homegrown fruit$ 

Ingestion of homegrown meat products 

Ingdlon drurlace wahr 

lngeation of surface water H e  swlmmlng 

Ingestionofieafyvegetables 

‘Dermal contacfwith wtface water and sediment 
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1 year The use of a deporition factor b Inappropriate for the commercial worker 

Deposition factors are taken into account during the development of the RfC or 
Inhalation slope factor when pharmacokinetic data Is present 

Table 5 5. So il Inaestion. Recreational ScenariQ The soil lngedlon rate of 

25 milligram/event (mg/event) for children and 50 mg/event for adub should be 

changed to #K) and lo0 milllgram/day (muday) for children and adults, respectively 
The matdx effect factor should be eliminated The exposure frequency listed R the table 

should be changed to 100 days/year The exposure duration should be 30 yean The 

noncarcinogenic averaging time should be 30 yean 

Table 5 -6. lnaertion of Sediments. Recrecltlonal ScenarlQ Ingottion of sediments should 

be Included along with surface water The mahix effect factor should be \ *'f>*..---* fmtq 
the analysls An exposure duration of 30 years should be used Exposure via Ingestion of 

sediments should ako be qwntlfled for odub to be considont with the rest of the 

recreational scenarios 

Table 5-7. Iqmstion d S u e @  Water. R e c m a H ~ ~ q l  Sc- An expodurn frequency of 

7 evenWyear should be used The exposure durdon should be 50 years. 

Table 5-8. I n w o n  of Particu I c d e c , R e c r e c d j g n a l m  It b unnecessary to ovalwte 

children separately An expowre time of 3 hours/day should be used. An exposure 

frequency of 100 days/year should be used A depodtion factor should not be included 

Response Table 2 in the attached Addendum to ihe Exposure Scenclrio TM 2 presents the 
exposure scenarios and exposure pathways for evakration in the OU 3 HHRA The exposure 

parameters for use In the HHRA are presented in Append& A of the Addendum Both 
upperbound exposure parameters (used to characterize the RME scenario in a baseline risk 

assessment) and CT exposure parameters (used to characterize the typical case) will be 

used in the HHRA to oss~ss the range of potential exposures 

Responses To CDPHE Comments 

Comment CDPHEcoVnmentNo 1 

I 

Thesacond paragraph in thlr section rnhinbrpmtsiho PUIPOSO ofhe OU 3 

investigations These InveOiigatiOnt are to assess the rkk of exposure to potential 
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Comment COPHE Comment No 4 

Section 3 1 4.4 Since "Mower Reservoir water k used to irdgate the pusture land and water 

the Inrestock of the farmer who owns it," a current agricultural use scenario should be 

assewed if the homegrown beef makes up a signnicant portion of this farmer's diet If $0, thb 

posribillty needs to be researched, and the Intake calculdons petformed 

Response The potential exposure pathww related to agricultural use were considered 
However based on the identification of COCs (DOE 19940) no COCs were identifled for 
surface water or sediment in Mower Reservoir Therefore the exposure pathway Is not 
complete and will not be assessed 

Comment COPHE Comment hlo 5 

section3.2.1.4 To~theprobaMlYI~Mureag~rol landuc. ,DOEhc#rdiedon 

county zoning pro)ectiom and appean not to have con#dt;ed cunrnt land ownen. For 

example, Blni Abbott and her hwbwd Intend to continue farmlng, aml thdr daughter may 

continue after they retire 

Response The fruit and vegetable ingestion pathway will be evaluated for IHSSs 199 and 200 
under the residential scenario 

Comment. CDPHE Commenthlo 6 

@don 3.22.3 The Mure/Operr Space land Use scenario should also consldor donna1 

contact with water and sediment occuning dudng actMtk8 such o8 mhmlng, bootlng, and 

hiking 

Response The HHRA will include a qualitative discussion of the dermal exposure pathway for 

contact with surface sediment in Great Western Reservoir for the recreational and residential 

exposure scenarios No COCs were identifled for sediments and surface water in Standley 

Lake and Mower Reservoir or in sutface water in Great Western Reservok (DOE 1994a) 

Therefore there b not a complete exposure pathway for dermal contact with surface water 

and sediments in Standley Lake and Mower Reservoir or for surface water In Great Western 

Reservdr 
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Response The fruit and vegetable ingeshon pathway will be evaluated for IHSSs 199 and 200 
under the residentmi scenario 

Comment CDPHE Comment No 9 

Section 4 2 2 in the middle of page 16 of Section 4, “Subsection 4 1 1 1” is referenced, but 

no such section exkts in this technical memorandum 

Response The reference to ‘Subsection 4 1 1 1 .) should be changed to ‘4 2 1 

Comment CDPHE Comment No 10 

won 4 24. Dermal expawre to sediments and surface water are shown as potential 

pathways In Figures 4-3 and 4-4, Ihese pathways should be amessed 

Response See Response to CDPHE Comment No 6 

Comment CDPHE Comment No 1 I 

$ection 4 2 3  Thb paragraph should state ?hat the exposure to exhrnd radiation pathway 

will be ussemed 

Response Exposure to external radiotion will be OSSBSSBCI quantitatively In the HHRA 

Comment CDPHE Comment No 12 

@don 4.34. The impact, 04 R o c k y  Rats on the exkting mdl Came herds and their ownen 
should be assesmd DOE needs to provide evklencethatthe owners ofthere herds do not 

eat a signkcant amount d homegrown beef before ditmbdng fhb pomibllity 

Response Currently no cattle herds exist in the AOCs just east of Indiana Street Based on 

deed restrictions and the most likely anticipated future use (i e recreational) no cattle 

herds are expected to exist in the AOCs Local residents will be interviewed concerning 

number of cattle in the area and it10 sources of feed for the cattle (i e local veg8tcmOn or 
commerdally-wpplied feed) to verify eliminating the homegrown beef ingdon pathway 

from the HHRA 
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Comment CDPHE Comment No 16 

Section 4.5 4 Direct dermal contact with sediments should be included in the future 

commercial/industrial scenario 

Response The HHRA will include a qualitatwe dtscussion of the dermal exposure pathway for 

contact with surface sediment in Great Western Resetvoir for the recreational and residential 

exposure scenanos 

Comment CDPH€CummentNo 17 

4.5.5 and 4.5.4 Direct dermal contact with water and sediments should be mrowrrl 

for cunent and Mure recreatlond exposure scenarlor 

Response See Response to CDPHE Comment No 6 

Comment CDPHE Comment No 18 

mon 4.4 Direct dermal contact with water and 8ediments should be included In CUM 

and Mure reddentla1 and recreational scenalioa and In the Mure comrnercWlnduMd 

scenario 

Response See R8spon~e to CDPHE Comment No 16 Dermal contact with surface water 

will not be evaluated in the HHRA because no COCs were identified for surface water in any 

of the IHSS (DOE 1994a) 

Comment CDPHE Comment No 19 

Section 4.6.7 See Comment No 24 on agricultural scenario above 

Response See Response to CDPHE Comment No 14 

Comment- COPHE Cuinmenthlo 20 

Response The reference to Tables 4-1 through 4-8 should be changed to Tables 5-1 to 58 
The exposure parameter lnfomatkm contained in these tables is now included in Tables A-1 

to A 4  of the Addendum to the Exposure Scenarios TM 2 
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people does not mean that they would not play in sedlmenfs or shallow water DOE should 

assess the exposure rote for young children (c 6 years), and should use the oppropflate 

ingestion and dermal contact rates for that age range 

Response The body weight for adolescents has been revised based on standard U S EPA 

guidance Tables A-1 to A 4  of the Addendum to the Exposure Scenarios TM 2 contain the 

exposure parameters for each potential exposure pathway The sediment ingestion rat8 

while not indicative of adolescent activii patterns was chosen as a conservative upper 

bound estimate The value may be adjusted to account for activity pdte;-.u more speclflc 

to that age group Adolescents were selected because of their mobility and independent 

activity outside of their place of residence Thus they would constitute the most viable 

population for potential exposure However the age group of 0 to 6 years will be evaluated 

relatie to inadvertent ingestion of soil and surface sediment This will require the assumption 

that a resident uses the drainages for recreational purposes and allows Infants and small 

children access to those recreational opportunities 

Cutnment C D M  Comment No 23 

Table 5-4 Please describe the actMty assumptions that we- made to calculclte the RME 

Inhalation rote for a child In this table 

3 Response A RME inhalation rate for an adult of 0 83 m /hr and a CT Inhalation rate of 0 63 

m3/hr will be used In the HHRA to address the Inhalation exposure pathway These rates are 

based on moderate actMty levels (EPA 1991 a and 1991 b) See Appendix A Tab le  A-2 of 

the Addendum to the Exposure Scenarios TM 2 for additlonal informcrtlon 
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